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,Q FHUWDLQ HQJLQHHULQJ VWUXFWXUHV WKH IDLOXUH RI D VWUXFWXUDO FRPSRQHQW GXH WR WKH H[LVWHQFH RI IODZV LV TXLWH
FDWDVWURSKLFZKLFKPD\ UHVXOW LQ VHULRXVHFRQRPLFDQGHQYLURQPHQWDO FRQVHTXHQFHV+RZHYHU WRGHWHUPLQH LI D
VWUXFWXUHFRQWDLQLQJIODZVUHTXLUHVDUHSDLUDQDFFHSWDQFHOHYHOLVUHTXLUHGWRGHILQHWKHVL]HRIGHIHFWV(QJLQHHULQJ
VWUXFWXUHV FRQWDLQLQJGHIHFWVPLJKWEH UHVSRQVLEOH IRU VWUXFWXUDO IDLOXUHGXULQJ WKH IDEULFDWLRQ VWDJHRUGXULQJ WKH
VHUYLFH OLIH7KHVWUXFWXUDO VLJQLILFDQFHRIVXFK LPSHUIHFWLRQVSDUWLFXODUO\FUDFNOLNHIODZVQHHG WREHDVVHVVHG WR
SUHYHQW IDLOXUHRI WKHFRPSRQHQWGXULQJVHUYLFH >@ ,QSDUWLFXODUZHOGHGVWUXFWXUHV UHTXLUH VSHFLDOSURFHGXUH IRU





GLDJUDPV )$'V ZKLFK ZDV LQLWLDOO\ GHYHORSHG IURP WKH WZRFULWHULRQ DVVHVVPHQW SURSRVHG E\ 'RZOLQJ DQG
7RZQOH\ >@ ,Q WKH )$' SURFHGXUHV WKH LQWHJULW\ RI FUDFNHG FRPSRQHQWV LV DVVHVVHG E\ FDOFXODWLQJ WKH WZR
H[WUHPHVRI IUDFWXUHEHKDYLRU VHSDUDWHO\ OLQHDUHODVWLFDQGSODVWLFFROODSVHEHKDYLRU ,Q WKH ODVW IHZ\HDUVGHIHFW
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FRQVWUDLQW SDUDPHWHUV 7KLV KDV OHG WR FRQVWUDLQWEDVHG )$'V ZLWKLQ WKH %6 >@ DQG 5 >@ SURFHGXUHV
+RZHYHU WKHUH DUH IHZ LQYHVWLJDWLRQV WKDW GLVFXVV LQ GHWDLO WKH LQWHJULW\ DVVHVVPHQW RI FUDFNHG 39:V EDVHG RQ
GLIIHUHQW FRQVWUDLQWPRGLILFDWLRQ )$' SURFHGXUHV E\ FRPSDULQJ WKH RXWFRPHV ZLWK WKH FRQYHQWLRQDO )$'
SURFHGXUHV






2.1. J–Q characterization of near tip fields 
7KHUHDUHPDQ\VWXGLHVLQGLFDWLQJWKDWWKHPDWHULDOUHVLVWDQFHWRIUDFWXUHZDVLQFUHDVHGZKHQWKHFUDFNOHQJWKRI
VSHFLPHQV GHFUHDVHG >@ ,Q JHQHUDO LW ZDV IRXQG WKDW4FRQVWUDLQW FDQ SURYLGH D JRRG FKDUDFWHUL]DWLRQ IRU
FUDFNIURQWVWUHVVILHOGV>@7KH4VWUHVVWKDWLVGHULYHGIURPWKH+55VWUHVVILHOGSURSRVHGE\+XWFKLQVRQ>@DV
ZHOO DVE\5LFH DQG5RVHQJUHQ >@ZDV DGRSWHG WRGHYHORS WKHGHJUHH RI FRQVWUDLQW IRU FUDFNHG VSHFLPHQV DQG
VWUXFWXUHV $ VHFRQG WHUP ZDV LQFRUSRUDWHG LQWR HODVWLFSODVWLF IUDFWXUH PHFKDQLFV DQG WKH +55 WKHRU\ WR
DFFRPPRGDWH WKHFRQVWUDLQWHIIHFWV LQIUDFWXUHPHFKDQLFV>@7KH4VWUHVV LVQRUPDOL]HGE\WKH\LHOGVWUHVVDQG
GHILQHGE\WKH(TDVIROORZV
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ZKHUH TTV LV WKH RSHQLQJ VWUHVV FRPSRQHQW DQG WKH GLIIHUHQFH ILHOG LV HYDOXDWHG DW WKH PLFURVFDOH GLVWDQFH
U -ı y ZKLFK LV WKH ORFDWLRQZKHUH WKH HIIHFWLYH IUDFWXUHPHFKDQLVP LV LQLWLDWHG)XUWKHU GHWDLOV RQ WKH -4
PHWKRGRORJ\FDQEHIRXQGLQ>@
2.2. Modified FAD 








S V4 4 4   
ZKHUH V4 ! 
7RHYDOXDWHFRQVWUDLQWHIIHFWVLWLVQHFHVVDU\QRWRQO\WRKDYHDPHDVXUHRIVWUXFWXUDOFRQVWUDLQWEXWDOVRDPHDVXUH
RI WKH GHSHQGHQFH RI PDWHULDO WRXJKQHVV RQ FRQVWUDLQW $ FRQVWUDLQWGHSHQGHQW IUDFWXUH WRXJKQHVV 4PDW. FDQ EH
DVVRFLDWHGZLWKVWUXFWXUDOFRQVWUDLQWE\
4
PDW PDW 4 U.  . >Įȕ /  @
k   
ZKHUH Į DQG N DUH PDWHULDO FRQVWDQWV GHVFULELQJ WKH LQIOXHQFH RI FRQVWUDLQW RQ IUDFWXUH WRXJKQHVV DQG ȕ4 LV D
QRUPDOL]HGPHDVXUHRIWKHVWUXFWXUDOFRQVWUDLQW7KHIDLOXUHDVVHVVPHQWOLQHLVWKHQZULWWHQDV
4
U U PDW PDW.  I/ . .    
ZKHUH QmatK LVGHILQHGE\HTXDWLRQWKLVEHFRPHV
U U 4 U.  I/ >Įȕ /  @
k   
)UDFWXUHWRXJKQHVVWHVWV
$OXPLQXPDOOR\JUDGHLVXVHGIRUWKHIDEULFDWLRQRISUHVVXUHYHVVHODQGIXHOFDVHLQDHURVSDFHLQGXVWU\GXH





QRWFKSRVLWLRQ LQ WKH+$=VSHFLPHQVZDVDERXWPPDZD\IURPWKHZHOGIXVLRQ OLQH ,QRUGHU WRJXDUDQWHH WKH
UHSURGXFLELOLW\RIWKHIUDFWXUHWRXJKQHVVUHVXOWVDWOHDVWVSHFLPHQVZHUHWHVWHGIRUHDFKW\SH%0:0DQG+$=
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DQGWKHDYHUDJHYDOXHVZHUHREWDLQHGDVWKHFRUUHVSRQGLQJ&72')DWLJXHSUHFUDFNLQJDQGIUDFWXUHWRXJKQHVVWHVWV
ZHUHFDUULHGRXWRQDVHUYRK\GUDXOLFFRQWUROOHGPDWHULDOWHVWLQJPDFKLQHDW+]DQGVWUHVVUDWLRLQODERUDWRU\






4.1. Fracture toughness 
$YHUDJHFUDFNWLSRSHQLQJGLVSODFHPHQW&72'YDOXHVRI%0+$=DQG:0ZHUHREWDLQHGDVȝP
ȝPȝPUHVSHFWLYHO\7KHPLQLPXPIUDFWXUHWRXJKQHVVDSSHDUV LQ WKH+$=LQGLFDWLQJWKDW WKHLQWHJULW\RI
WKH39:VLVODUJHO\GHSHQGHQWRQWKH+$=7KH%0KDVWKHKLJKHVWIUDFWXUHWRXJKQHVVYDOXHVDQGWKHVPDOOHVWGDWD
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OHQJWKV DV FKDUDFWHUL]HGE\ WKH UDWLRRI D: IRU WKH6(1% VSHFLPHQV)RU VKDOORZFUDFNHG VSHFLPHQV4YDOXHV
GHFUHDVHZLWKLQFUHDVLQJORDGDVWKHLQGXFHGSODVWLFGHIRUPDWLRQDWWKHFUDFNWLSUHGXFHVWKHFRQVWUDLQWWKXVVKRZLQJ
WKDWWKHPDWHULDOUHVLVWDQFHWRIUDFWXUHLVUDLVHG:LWKWKHLQFUHDVHRIDSSOLHGORDGVLHLQFUHDVLQJWKHSODVWLF]RQH






4.3. The fracture assessment of SENB specimens 
7KHIXQFWLRQDO UHODWLRQVKLSRI/UYHUVXV4IRU6(1%VSHFLPHQVZLWKD: aZDVDGRSWHG WRGHWHUPLQH
FRQVWUDLQWEDVHG)$'FXUYHV,QWKLVVWXG\WKHIUDFWXUHWRXJKQHVVWHVWVZHUHSHUIRUPHGIRU6(1%VSHFLPHQVZLWK
GLIIHUHQW D:YDOXHV WRREWDLQ WKH FRUUHVSRQGLQJ.PDW YDOXHV DQG WRGHWHUPLQH WKH UHODWLRQVKLSEHWZHHQFUDFN WLS
FRQVWUDLQW YLD D: DQG IUDFWXUH WRXJKQHVV 7KH SDUDPHWHUV Į DQG N XVHG WR GHVFULEH WKH FRQVWUDLQW PRGLILHG








FRQVWUDLQWFRUUHFWLRQRQ WKH%62SWLRQ LVQRWSURQRXQFHG+RZHYHU WKH FRQVWUDLQWEDVHG)$'FXUYHV OLH
RXWVLGHWKH%62SWLRQ)$'FXUYHIRUDOOFDVHV7KLVLPSOLHVWKDWWKH%62SWLRQLVPRUHFRQVHUYDWLYH
WKDQFRQVWUDLQWEDVHG)$'V
7KH SODVWLF ]RQH VL]H RI VKDOORZ FUDFNHG VSHFLPHQV LV ODUJHU DQG WKH SODVWLF GHIRUPDWLRQ LV HDV\ DQG
KRPRJHQHRXV WKXV WKH FUDFNWLS VWUHVV FDQ UHOD[ IXOO\ DQG VWUHVV WULD[LDOLW\ LQ IURQW RI FUDFN WLSGHFUHDVHV 6RPH
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H[SHULPHQWDO VWXGLHV KDYH VKRZQ WKDW WKH IUDFWXUH WRXJKQHVV RI VKDOORZFUDFNHG VSHFLPHQV LV EHWWHU WKDQ WKDW RI
GHHSO\ FUDFNHG VSHFLPHQV > @ 7KH SULPDU\ VRXUFH RI HQKDQFHPHQW DULVHV IURP WKH HIIHFW RI FRQVWUDLQW RQ
SODVWLF GHIRUPDWLRQV DW WKH FUDFN WLS DQG VXEVHTXHQW HIIHFW RQ FULWLFDO ORDGV )RU VKDOORZHU FUDFNV WKH VWUDLQ








DQG WUXH .PDW YDOXHV IRU 6(1% VSHFLPHQV ZLWK GLIIHUHQW D: YDOXHV DUH RYHUHVWLPDWHG )RU GHHSO\ FUDFNHG







4.4. The integrity assessment of the PVWs with cracks 
7KH FRQVWUDLQWEDVHG )$'V REWDLQHG IURP WKH FRQVWUDLQWGHVLJQHG 6(1% VSHFLPHQV DQG %6  2SWLRQ 
SURFHGXUHVDUHDGRSWHGWRSUHGLFWWKHUHVLGXDOVWUHQJWKRI39:VZLWKYDU\LQJVHPLHOOLSWLFDOH[WHUQDOVXUIDFHFUDFN











)LJXUHV  SUHVHQWV WKH)$'FXUYHV DQG DQDO\WLFDO SUHGLFWLRQV EDVHG RQ WKH IRXU SURFHGXUHV IRU HDFK DQDO\]HG
FUDFN FRQILJXUDWLRQ )LJ  FRPSDUHV WKH UHVLGXDO VWUHQJWK SUHGLFWLRQV XVLQJ WKH IRXU SURFHGXUHV ZLWK WKH
H[SHULPHQWDO YDOXHV 7KH UHVLGXDO VWUHQJWK SUHGLFWLRQV IURP %6  2SWLRQ  VKRZ FRQVHUYDWLVP IRU VKDOORZ
FUDFNHGYHVVHOVSHFLPHQVHVSHFLDOO\IRUWKHYHVVHOVSHFLPHQVZLWKîPPDQGîPP,WLVDWWULEXWHGWRWKH
ORZHU 4FRQVWUDLQW DKHDG RI WKH FUDFN WLS DQG HQKDQFHG WRXJKQHVV GXH WR WKH ORVV RI FUDFNWLS FRQVWUDLQW 7KH
SUHGLFWHGUHVXOWVIURPWKHFRQVWUDLQWEDVHG)$'VDQGPRGLILFDWLRQWR.UIRUVKDOORZFUDFNHGVSHFLPHQVVKRZPXFK
EHWWHU DJUHHPHQWZLWK WKH H[SHULPHQWDO UHVXOWV WKXV LQGLFDWLQJ WKDW WKH FRQVHUYDWLVP LQ WKH%62SWLRQ LV
UHDVRQDEO\ UHGXFHG E\ WKH 4FRQVWUDLQW PRGLILHG )$' SURFHGXUHV )RU WKH GHHSO\ FUDFNHG YHVVHO VSHFLPHQ
îPP WKHFRQVWUDLQWEDVHGFRUUHFWLRQVKDYH OLWWOHHIIHFWRQ WKHUHVLGXDOVWUHQJWKSUHGLFWLRQVZKLFK LVJUHDWO\
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&RQFOXVLRQV
7KHUH LVDVLJQLILFDQWGLIIHUHQFHEHWZHHQ%62SWLRQDQGFRQVWUDLQWEDVHG)$'FXUYHV IRUVKDOORZ
FUDFNHG VSHFLPHQV GXH WR ORZ FRQVWUDLQW 4YDOXHV DKHDG RI WKH FUDFN WLS +RZHYHU WKH HIIHFW RI FRQVWUDLQW
FRUUHFWLRQRQWKH%62SWLRQLVQRWSURQRXQFHGIRUGHHSO\FUDFNHGVSHFLPHQVGXHWRKLJK4FRQVWUDLQW
7KHUHVLGXDOVWUHQJWKSUHGLFWLRQVEDVHGRQWKHPRGLILFDWLRQWRWKH)$'DQGPRGLILFDWLRQWR.UZHUHLQFORVH






7KH DXWKRUV ZRXOG OLNH WR DFNQRZOHGJH WKH ILQDQFLDO VXSSRUW IURP WKH 1DWLRQDO 0LQLVWU\ RI ,QGXVWU\ DQG
,QIRUPDWLRQ7HFKQRORJ\3URMHFW 0-)7KHDXWKRUVZRXOGDOVR OLNH WR WKDQN3URI3HWHU)OHZLWWRI WKH
8QLYHUVLW\RI%ULVWROIRUKHOSIXOGLVFXVVLRQV
5HIHUHQFHV
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